Aims To estimate the incidence of penetrating injuries with retained intraocular foreign bodies (IOFBs) in the United Kingdom, and to provide epidemiological data on the aetiology, management, and visual outcome of such injuries. Methods Cases were identified prospectively by active surveillance through the British Ophthalmological Surveillance Unit reporting card system, for the 12-month period June 2004 to May 2005 inclusive. Questionnaire data were obtained from UK ophthalmologists at presentation and 6 months following presentation. Results Data were available on 97 patients at presentation and 95 patients at follow-up. The minimum estimated incidence of IOFBs in the United Kingdom identified in this study was 0.16 per 100 000. All patients were male. Hammering was the most common mechanism of injury, occurring in 62% of patients. The IOFB was found in the anterior segment in 24%, the posterior segment in 73%, and involved both segments in 3%. Endophthalmitis was diagnosed in 9% of patients. Best-corrected visual acuity of the injured eye at final follow-up was 6/12 or better in 67%, 6/18 to 6/60 in 11%, and worse than 6/60 in 22%. Prognostic factors for a poor visual outcome included poor visual acuity at presentation, prolapse of intraocular tissue, development of endophthalmitis, development of retinal detachment, and large size of IOFB. Conclusions The incidence of IOFB in the United Kingdom appears to have reduced compared to previous studies. The majority of patients (67%) retain good visual acuity in the injured eye; however, a significant minority (22%) sustain long-term severe visual loss.
Introduction
In the 1980s and 1990s, intraocular foreign bodies (IOFBs) were identified as a significant cause of serious ocular trauma, accounting for 15-25% of penetrating eye injuries. [1] [2] [3] [4] IOFBs frequently cause severe visual loss, with 17-42% resulting in final vision worse than 6/60 in the injured eye. [3] [4] [5] [6] [7] [8] A high percentage (50-54%) of IOFBs were identified as arising from work-related injuries, 3, 6, 9 and regardless of the environment in which the injury occurred, hammering was the most common mechanism of injury, accounting for 71-80% of such injuries. 7, [10] [11] [12] In one large American study, only 6% of persons with IOFBs were wearing protective eyewear. 9 The UK Health and Safety at Work Act (1974) places a duty on employers to provide appropriate protective eyewear, and a duty on employees to wear such protective eyewear where provided. Through estimating the incidence and aetiology of IOFBs in the United Kingdom, we hoped to determine whether this largely preventable form of eye injury remained a significant problem, and whether further measures to reduce its incidence could be suggested.
To date, the majority (59-88%) of IOFBs caused damage to or were located in the posterior segment. 3, [6] [7] [8] 11, 12 There is debate in the literature regarding the best management of posterior segment IOFBs. Some authors favour an initial attempt of magnetic extraction of the material, 11 whereas others prefer posterior vitrectomy with removal of the IOFB using forceps. 10 This study aimed to determine the prevailing practice of UK ophthalmologists.
Several factors have been shown to be associated with a poor visual outcome following penetrating injury with IOFB. These include large diameter of IOFB, poor visual acuity on presentation, relative afferent pupil defect (RAPD) on presentation, corneoscleral entry wound, uveal prolapse, vitreous haemorrhage, and presence of a secondary retinal detachment. [6] [7] [8] 10, 13, 14 The study aimed to determine whether the final visual outcome had improved compared to previous reports and whether previously identified prognostic factors remained predictive of a poor outcome.
To date, there has been no previous UK-wide prospective survey of IOFBs. This study was undertaken to assess the current incidence, aetiology, management, and outcome of IOFBs in the UK.
Materials and methods
This was a population-based, prospective study with active surveillance of cases through the British Ophthalmological Surveillance Unit (BOSU) monthly reporting card system. 15 The BOSU was established to facilitate research into rare eye conditions with significant public health or scientific importance. Individual investigators submit proposals to BOSU for conditions to be surveyed and the BOSU steering committee determines which conditions will be surveyedFusually three or four at any particular time. All consultant or associate specialist ophthalmologists with clinical autonomy in the United Kingdom form the reporting base for the BOSU surveillance scheme. Each month they are sent a reporting card by BOSU requesting them to report if they have treated in the preceding month any patient with the conditions currently under surveillance. The BOSU then informs the respective study investigators which ophthalmologists have reported a case and the study investigators then contact the reporting ophthalmologist.
The Multi-Centre Research Ethics Committee for Scotland (Committee A) reviewed this study and gave approval in April 2004.
For the 12-month study period between June 2004 and May 2005 inclusive, ophthalmologists were asked to notify the study investigators, through BOSU, of any case of IOFB newly presenting to them. IOFB was defined as a penetrating (single, full-thickness) eye injury with retained foreign material anywhere within the globe. Perforating (through and through) injuries and orbital foreign bodies were excluded.
Following case notification to the BOSU, every reporting ophthalmologist was sent a detailed questionnaire by the study investigators requesting data on the aetiology, presenting features, and initial management of the IOFB. Six months following presentation, reporting ophthalmologists were sent a follow-up questionnaire requesting data on subsequent progress and outcome. Ophthalmologists who did not return a questionnaire were sent a reminder letter 2 and 3 months after the initial questionnaire was sent.
Data were entered onto an SPSS for Windows spreadsheet and data analysis was performed using this program. Visual acuity data were recorded in Snellen format but for the purpose of linear regression analysis these were subsequently converted to logMar format. 'Counting Fingers' vision was recorded as logMar 2.0, 'Hand Motions' as logMar 2.48, 'Perception of Light' as 3.0, and 'Non-Perception of Light' as 4.0. Multivariate linear regression was performed to determine which factors were predictive of the final best-corrected visual acuity. A forced entry method was used and the following factors were included in the model: visual acuity at presentation, prolapse of intraocular tissue at presentation, location of entry wound, presence of an RAPD at presentation, endophthalmitis at any time, location of IOFB, removal of IOFB within 24 h, retinal detachment at any time, diameter of IOFB, and use of an external magnet to remove the IOFB.
Results

BOSU reports and estimates of UK incidence of IOFB
From June 2004 to May 2005 inclusive, 155 reports of patients with IOFB were made to BOSU by 104 ophthalmologists in the United Kingdom. Questionnaires were received from 134/155 reports (86.5% response rate), of which 37 were excluded (13 were incorrectly diagnosed, 9 presented out with the study period, 8 were duplicate reports, and for 7 cases no details could be recalled by the reporting ophthalmologist). Questionnaire data were available on 97 patients at presentation and 95 patients at follow-up. Some variables analysed have no97, as several questionnaires had incomplete data (particularly those cases referred to another unit for further treatment). As the main aim of the study was to estimate the incidence of IOFB in the United Kingdom, all reports sufficiently completed to meet the inclusion criteria were included in the analysis.
The current UK population is approximately 60 million. The reported incidence of IOFBs in the United Kingdom is therefore 97 per 60 million, which is equivalent to 0.16 per 100 000 (95% confidence interval 0.13-0.19 per 100 000).
Patient characteristics and presenting details
All the patients were male (97/97). The mean age at time of injury was 39 years (range 13-76 years) and 94% (91/97) of patients were in the working age range (16-65 years). All injuries were unilateral, with 59% (57/97) involving the right eye. The activity at the time of injury was paid employment in 62% (60/97), do-it-yourself (DIY) in 13% (13/97), leisure in 5% (5/97), gardening in 2% (2/97), student work at university in 1% (1/97), assault in 1% (1/97), and unknown in 13% (13/97). The mechanism of injury was hammering in 62% (60/97), machine tools in 19% (18/97), firearms in 4% (4/97), other mechanisms in 10% (10/97), and unknown in 4% (4/97). Protective eyewear was reportedly worn by 5% (5/97) and prescription spectacles by 2% (2/97). Presentation to hospital occurred within 24 h of injury in 81% (75/93), between 1 and 7 days in 10% (9/93), between 7 days and 1 month in 4% (4/93), between 1 and 6 months in 2% (2/93) and after 6 months in 3% (3/93). At presentation, 99% (94/95) of patients were phakic with only 1% (1/95) aphakic.
Visual acuity at presentation is presented in Table 1 . In 54% (52/97), the IOFB was directly visible on clinical examination. Ocular imaging was performed in 83% (80/97) of cases: plain radiographs in 66% (64/97), CT scan in 36% (35/97), and ocular ultrasound in 21% (20/97). The site of entry of the IOFB was corneal in 65% (62/96), corneoscleral in 10% (10/96), and scleral in 25% (24/96). A single IOFB was present in 93% (88/95), and two or more were present in 7% (7/95) of patients. The mean and median size of IOFB was 4.7 and 3.0 mm, respectively (range 0.1-20.0). The vast majority of IOFB were composed of metal (91% (82/90)). Only 8/90 (9%) were non-metallicFglass (2/90), stone (1/90), concrete (1/90), eyelashes (1/90), and undetermined (3/90). The IOFB was found in the anterior segment in 24% (22/90), the posterior segment in 73% (65/90), and involved both segments in 3% (3/90). Table 2 presents the detailed position of the IOFB.
Surgical details
In two cases, no attempt was made to remove the IOFB as it was judged that the risks of surgery outweighed those of observation. In one case, a small splinter of masonry nail was embedded in the periphery of the lens, which remained clear. The other case involved an eyelash embedded in the lens, presenting as iritis 2 years following the initial injury.
The IOFB was removed within 24 h of injury in 43% (35/82) of cases. The procedure to remove the IOFB was performed by vitreoretinal surgeons in 74% (64/87). The IOFB was removed by an anterior segment procedure in 29% (24/84) and by a procedure involving posterior segment surgery in 71% (60/84). Pars plana vitrectomy was the most frequently used technique for posterior segment IOFBs (88% (53/60)). In six cases, a posterior segment IOFB was removed via the anterior segment following pars plana vitrectomy. The external magnet was utilised in 17% (10/60) of posterior segment cases: five cases in combination with pars plana vitrectomy and five cases in combination with sclerotomy. In two cases, a posterior segment IOFB was removed by sclerotomy and forceps alone.
Endophthalmitis
Endophthalmitis was suspected before IOFB removal in 15% (14/92) of patients. Intravitreal antibiotics were administered to 24% (22/92) of patients: 8 patients before IOFB removal and 14 patients at the time of IOFB removal. Endophthalmitis was subsequently diagnosed in 8/92 (9%) patients, all of whom were suspected of having endophthalmitis before IOFB removal. Of these eight patients, seven received intravitreal antibiotics (two before IOFB removal and five at the procedure when the IOFB was removed). Positive cultures were obtained in only two cases (one case each of Haemophilus Anterior segment (n ¼ ) influenza and Staphylococcus epidermidis). Statistical analysis of factors predictive of endophthalmitis was not possible owing to the small number of cases.
Outcome
The mean time from injury to follow-up was 5 months (range 1-11 months). Table 1 presents the final visual acuity. The majority of patients (67% (59/88)) maintained good best-corrected vision (6/12 or better) in the injured eye; however, 22% (19/88) sustained severe visual loss (6/60 or worse). If best-corrected visual acuity is achieved with a pinhole or a lens that the patient does not wear, then day-to-day vision is poorer than bestcorrected vision. Using day-to-day vision to assess outcome, 34% (29/86) of patients had vision worse than 6/60 in the injured eye. At follow-up, phthsis had developed in 5% (4/85), siderosis in 2% (2/85), and one eye had been enucleated (1%). The final lens status was phakic in 36/85 (42%), pseudophakic in 29/85 (34%), and aphakic in 20/85 (24%), meaning that the crystalline lens had been removed in 56% (48/85) of patients at follow-up. Retinal detachment occurred in 33% (29/88) of eyes, and in 16% (14/86) the retina remained detached at follow-up. Silicone oil was used in 22% (19/86) of eyes and remained in situ in 17% (15/86) at follow-up. Table 3 presents the results of multivariate linear regression analysis using the final best-corrected visual acuity as the dependent variable. Factors associated with a poor visual outcome were poor visual acuity at presentation (PX0.01), development of endophthalmitis (PX0.01), development of retinal detachment (PX0.01), prolapse of intraocular tissue (PX0.05), and large size of IOFB (PX0.05).
Discussion
The incidence rate reported represents a minimum. This study has ascertained cases through the use of a well-established surveillance methodology shown to be more effective than other methods. 16, 17 However, it is likely that there is some degree of underascertainment. Previous reports for studies ascertaining cases through the BOSU have indicated that ascertainment rates usually lie between 75 and 95%. 15 Although not directly linked to ascertainment, response rates are the most common method for assessing underascertainment. 18 The proportion of non-duplicate cases of IOFB that met the inclusion criteria is 97/134 (72%). If all 155 reporting ophthalmologists had returned questionnaires, then 112 non-duplicate cases of IOFB would be expected (72% of 155 ¼ 112). The mean BOSU card return rate during the study period was 79%. If all BOSU cards were returned, then 142 non-duplicate cases of IOFB would be expected (112/0.79 ¼ 142). Therefore, the corrected annual incidence of IOFB in the United Kingdom provided by this national, prospective study is 0.24 per 100 000. This is lower than estimates from previous UK regional studies (0.81 per 100 000 in Northern Ireland 7 from 1978 to 1986 and 0.59 per 100 000 in Scotland 2 from 1991 to 1992) and from a national study in Singapore from 1991 to 1996 (0.55 per 100 000). 1 The reduced incidence of IOFB in this study could be due to a reduction in penetrating injuries causing IOFB, under-reporting of cases, or a combination of both.
The BOSU reporting scheme is dependent on voluntary reporting of cases by participating ophthalmologists. Underascertainment of cases could be due to random errors (eg forgetting to report a case), reluctance to participate in the BOSU reporting scheme (barriers to participation have previously been reported 15 ), or management of cases by non-consultant ophthalmologists (who do not receive BOSU reporting cards). To adequately assess completeness of reporting, an alternative routine source to identify all cases would be necessary, but none was available. The mean BOSU card return rate for the 12-month study was 79%. This shows a high level of participation in the BOSU reporting scheme and was used to estimate the corrected annual incidence of IOFB in the UK. Factors contributing to a reduction in the number of IOFBs in the UK could be reduced exposure to risk through a shift away from manufacturing towards service industry jobs and increased use of protective eyewear at work and home. Many employees are reminded to wear eye protection through warning notices at places of work (see Figure 1a) . The majority of hammers sold in the United Kingdom now have either a written warning label (see Figure 1b) or a symbol of a person wearing safety goggles; however, in this study, only 5% of patients reported wearing protective eyewear at the time of injury. This is similar to the 6% reportedly wearing eye protection in a large American study of IOFBs. 9 Lack of eye protection is obviously a significant risk for IOFB, but it is also important to ensure that protective eyewear adequately shields the eyes from all angles of trajectory of foreign bodies (ie goggles or spectacles with side guards).
Previous studies have reported that 50-54% of IOFBs are work-related injuries, 3, 6, 9 and hammering is the most common mechanism of injury (71-80% of cases). 7, [10] [11] [12] In this study, 62% of injuries occurred during paid employment and the mechanism of injury was hammering in 62% and machine tools in 19%. These results demonstrate that the majority of IOFBs could be prevented if employers and employees followed the instructions of the UK Health and Safety at Work Act (1974) to provide, and appropriately use, protective eyewear when hammering or using machine tools. For the 13% of injuries that occurred at home during DIY (do it yourself), it is the responsibility of the individual to protect themselves.
In this study, the IOFB was found in the anterior segment in 24%, the posterior segment in 73%, and involved both segments in 3%. This is a similar anatomical distribution to previous studies where posterior segment IOFBs occurred in 59-88% of cases. 3, [6] [7] [8] 11, 12 Anterior segment IOFBs are often directly visible and can be removed with forceps or aspiration. Posterior segment IOFBs can be removed by an external (scleral incision and use of an electromagnet over the incision) or internal approach (pars plana vitrectomy and use of internal magnet or forceps). In rare cases, a combination of techniques is used at the same procedure. In this study, pars plana vitrectomy was the most frequently used technique for removal of posterior segment IOFB (88% (53/60)). The external magnet was utilised in 17% (10/60) of posterior segment cases (in half of these cases (5/60) in combination with pars plana vitrectomy).
The external approach has been advocated by some as an initial strategy for all cases except those with known vitreoretinal pathology (such as retinal detachment).
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Other authors have suggested that the external approach be restricted to cases with small (o3 mm) foreign bodies located within the vitreous or minimally embedded in the retina. 13 Pars plana vitrectomy has been recommended in the case of foreign bodies that are poorly visualised (owing to cataract or vitreous haemorrhage) and that are encapsulated in the retina, and in patients with concurrent intraocular damage (such as retinal detachment) or in whom endophthalmitis is suspected. 10 A retrospective study of external vs internal approach found no statistically significant difference in visual outcome and suggested that the external approach remained a reasonable option in selected cases. 19 This study also found no significant difference between these two approaches, but the number of posterior segment IOFBs removed with the external magnet was small (10/60).
During the study period, UK ophthalmologists favoured pars plana vitrectomy over an external approach for removal of posterior segment IOFBs. As the majority of IOFBs (74%) were removed by specialist vitreoretinal surgeons, it would appear that general ophthalmologists are not attempting to remove posterior segment IOFBs with the external electromagnet. This may mean that the external electromagnet is a redundant piece of equipment in many ophthalmology departments and may only be required in centres that offer specialist vitreoretinal surgery.
Endophthalmitis was diagnosed in 9% of cases in this studyFin all cases, endophthalmitis was suspected before IOFB removal. Previous studies have reported Eye rates of endophthalmitis following IOFB of 0-13%. 8, 9, 20, 21 In a study of 492 cases of IOFB in the United States, endophthalmitis was diagnosed in 6.9%, of which 91.2% had signs of infection at the time of removal of the IOFB. 9 There is consensus of opinion that intravitreal antiobiotics should be administered when there is clinical suspicion of endophthalmitis; 8, 22 however, the benefit of routine prophylactic intravitreal antibiotics in all cases of IOFB has not been demonstrated. Studies of penetrating injuries (including those with IOFB) have failed to show a statistically significant benefit of prophylactic intraocular antibiotics. 21, 23 In a recent study of 55 cases of IOFB sustained by US military personnel, no patients received intravitreal antibiotics and there were no cases of endophthalmitis. 20 The use of prophylactic intravitreal antibiotics when there is a delay of 24 h or more in removing the IOFB has been proposed. Such a delay was associated with an increased risk of endophthalmitis in one study, 9 but this was not found to be a significant factor in subsequent work. 21 Best-corrected visual acuity of the injured eye at final follow-up was 6/12 or better in 67%, 6/18 to 6/60 in 11%, and worse than 6/60 in 22%. This distribution of visual outcome is very similar to previous studies of anterior and posterior segment IOFB, with the majority (61-71%) of patients maintaining good visual acuity (6/12 or better) but a significant minority (17-38%) sustaining severe loss of vision (worse than 6/60). 5, 8, 11 If bestcorrected vision has been measured with a pinhole, or with a correcting lens that the patient does not routinely wear, day-to-day functional vision is often poorer than best-corrected vision. This is particularly true for aphakic eyes and those filled with silicone oil. In this study, when day-to-day vision was used to assess visual outcome, the number of eyes with vision worse than 6/60 increased from 22 to 34%. Loss of accommodation is another factor that is often forgotten when assessing visual outcome. In this study, the crystalline lens had been removed in 56% (48/85) of patients at follow-up, the majority of whom would have had useful accommodation before their injury (74% of patients were less than 50 years old).
In this study, the prognostic factors for a poor visual outcome included poor visual acuity at presentation, development of endophthalmitis, development of retinal detachment, prolapse of intraocular tissue, and large size of IOFB. Many of these factors have previously been reported, [6] [7] [8] 10, 13, 14 and indicate that severe initial damage is strongly predictive of poor visual outcome. Interestingly, removal of IOFB within 24 h of presentation, RAPD in injured eye at presentation, and IOFB involving the posterior segment were not found to be significant factors for a poor visual outcome.
Despite poor vision at presentation being predictive of a poor outcome, many patients with poor presenting vision had a good outcome. The number of patients with vision worse than 6/60 was 45% at presentation and 22% at follow-up. Current management of IOFB in the United Kingdom can lead to a good outcome in many patients but there remain a significant number of patients who, despite best management, sustain long-term severe visual loss. Prevention is the most important way to reduce the burden of visual loss arising from IOFB. The reduced incidence of IOFB in this study, compared to previous studies, suggests that warnings to wear protective eyewear might be more conspicuous than in the past and, as a result, more people are adhering to this advice. Individuals often ignore health and safety advice if the perceived risk of injury is low and there is an element of inconvenience in the method of risk reduction. (How many doctors have taken a blood sample without wearing gloves?) The fact that only 5% of patients were wearing protective eyewear at the time of injury in this study emphasises the need to conspicuously display warnings of eye injury arising from the use of hammers and machine tools. It is then the responsibility of the individual to follow or ignore the advice.
